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Design  for  Lifecycle  Cost 
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Calculation  of  Cumulative 
Probability  of  Failure 

State-of-the-art  Approaches 

>  PHI2  method  (Andrieu-Renaud,  et  al.,  RESS,  2004) 

>  Set-Based  approach  (Son  and  Savage,  Quality  &  Rel. 
Engirt.,  2007) 
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Composite  Limit  State:  Example  2 
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Composite  Limit  State:  Example  2 
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Composite  Limit  State:  Example  2 
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Composite  Limit  State:  Example  2 
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Composite  Limit  State:  Example  2 
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Calculation  of  Probability  of  Failure 
Two  Proposed  Approaches 
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-  Limit  State  is  kept  Time-dependent  i.e.  g(d,X,0  =  0 


>  Maximum  Response  Approach 
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Calculation  of  Probability  of  Failure 

>  Reliability  Index  Approach: 
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Cumulative  Probability  of  Failure 
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Calculation  of  Pf : 
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Two-DOF  System-  Multiple  MPPs 
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Design  of  a  Roller  Clutch 
using  Lifecycle  Cost 
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Roller  Clutch 
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Random  Design  Variables: 

D:  Hub  diameter,  mm 

d:  Roller  diameter,  mm 
A:  Cage  inner  diameter,  mm 

D,  d,  and  A  are  normally 

distributed 

Due  to  degradation: 

D^D(l-ye^) 

d^d(l-^^) 

A  ^  A(1  +  kt) 

with:  k  =  2.5E-04  mm!  year 


5/13/2009 


UNCLASSIFIED 


26 


Constraints: 
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Contact  angle  =  0. 1 1  ±  0.06  rad 

^  Torque  r>=3000  Nm 


>  Hoop  stress  cr^  <  400  MPa 
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Roller  Clutch:  Problem  Statement 
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Roller  Clutch:  Problem  Statement 
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Roller  Clutch:  Results 
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Summary/ Conclusions 
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>  A  new  method  to  calculate  the  Cumulative  Probability  of 
failure  is  presented  for  linear  and  non-linear  problems. 

>  The  design  study  of  the  roller  clutch  showed  that: 

■  Lifecycle  cost  can  be  reduced  by  controlling  the 
probability  of  failure  though  time. 

■  Higher  lifecycle  cost  due  to  higher  initial  quality  does 
not  guarantee  acceptable  reliability. 
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Challenges/Future  Work 


>Improve  further  efficiency  by: 

■  Random  process  characterization  using  time- 
series  modeling  techniques. 

■  Solving  REDO  problem  using  Probabilistic  Re- 
Analysis  which  uses  a  single  MCS 


>Apply  presented  ideas/approaches  to  the  Army 
related  problems 
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